By using solid-state reactions, we successfully synthesize new oxyselenides CsV2Se2−xO (x = 0, 0.5). These compounds containing V2O planar layers with a square lattice crystallize in the CeCr2Si2C structure with the space group of P 4/mmm. Another new compound V2Se2O which crystallizes in space group I4/mmm is fabricated by topochemical deintercalation of cesium from CsV2Se2O powder with iodine in tetrahydrofuran(THF). Resistivity measurements show a semiconducting behavior for CsV2Se2O, while a metallic behavior for CsV2Se1.5O, and an insulating feature for V2Se2O. A charge-or spin-density wave-like anomaly has been observed at 168 K for CsV2Se2O and 150 K for CsV2Se1.5O, respectively. And these anomalies are also confirmed by the magnetic susceptibility measurements. The resistivity in V2Se2O exhibits an anomalous log(1/T ) temperature dependence, which is similar to the case in parent phase or very underdoped cuprates indicating the involvement of strong correlation. Magnetic susceptibility measurements show that the magnetic moment per V-site in V2Se2O is much larger than that of CsV2Se2−xO, which again suggests the correlation induced localization effect in the former.
I. INTRODUCTION
The discoveries of cuprate [1] and iron-based [2] hightemperature superconductors attract great attention on the investigation of 3d transition-metal compounds. In these two systems, the CuO 2 and FeAs/FeSe planar layers with a square lattice play key roles in superconductivity. Scientists are inspired to seek more new superconductors from similar tetragonal layered 3d transition-metal compounds. The AT 2 Q 2 O compounds (A = Na 2 , Ba, (SrF) 2 , (SmO) 2 , (LaO) 2 , etc.; T = 3d transition-meatal; Q = S, Se, As, Sb, Bi, etc.) form a rich family which contains the [T 2 Q 2 O] 2− layers separated by the A 2+ units. The [T 2 Q 2 O] 2− layer consists of T 2 O plane which has an anti-CuO 2 structure, and the two Q-anions locate just above and below the square plaque of T atoms. Among the family, BaTi 2 Sb 2 O [3] , Ba 1−x Na x Ti 2 Sb 2 O [4] and BaTi 2 Bi 2 O [5] were discovered as superconductors with transition temperatures of T c = 1.2 K, 5.5 K and 4.6 K, respectively. The superconductivity seems to coexist with a charge-or spin-density wave (CDW/SDW) state. The (LaO) 2 Co 2 Se 2 O [6] and (LaO) 2 Fe 2 Se 2 O [7] were shown to be anti-ferromagnetic(AFM) Mott-insulators, which are similar to the parent phase of cuprate superconductors. Recently, Le etal (M =chalcogen) layers with the similar structure mentioned above may be potential high-temperature superconductors upon doping or applying pressure [8] . Furthermore, another system CsV 2 S 2 O [9] with the isostructure * Electronic address: zhuxiyu@nju.edu.cn,hhwen@nju.edu.cn
− layer was reported to be a paramagnetic bad-metal. Therefore it is very interesting to explore and investigate the 3d (probably also 4d) transition-metal systems with the similar [T 2 Q 2 O] structural units.
In this paper, we report the synthesis and investigation on the new vandium oxyselenides CsV 2 Se 2−x O(x = 0, 0.5) and V 2 Se 2 O. The powder X-ray diffraction (XRD) confirms that these compounds have the same [V 2 Se 2 O] layers, which belong to the family of AT 2 Q 2 O. Through the measurements of electrical resistivity and magnetic susceptibility, we find that (i) The CsV 2 Se 1.5 O is a metal with an anomaly at about 150 K; (ii) The CsV 2 Se 2 O shows a semiconducting behavior with an anomaly at about 168 K; (iii) The V 2 Se 2 O is an insulator with the temperature dependence of ρ ∝ log(1/T ) in wide temperature region, suggesting a Mott insulator behavior.
II. EXPERIMENTAL DETAILS
The CsV 2 Se 2−x O(x = 0, 0.5) compounds investigated in this work were synthesized by solid state reactions. Firstly, the precursor VSe 2 was obtained from the reaction of V powder(99.9% purity, Aladdin) and Se powder(99.999% purity, Alpha Aesar) at 700
• C for 24 hours. Next, Cs pieces (99.9% purity, Alpha Aesar), VSe 2 powder, V 2 O 5 powder(99.5% purity, Strem Chemicals) and V powder(99.9% purity, Aladdin) were weighed according to the stoichiometric ratio, put into an alumina crucible and then sealed into two layer evacuated quartz tubes. These procedures should be performed in a glovebox filled with high-purity argon atmosphere. Then, the tubes were heated in the furnace at 1080
• C for 15 hours. After the pre-reaction, the mixture was ground in an agate mortar, pressed into pellet and annealed at 1080 • C for 10 hours, to make the reaction more uniform and perfect. Finally, we obtained the samples which are black and insensitive to air or water.
The V 2 Se 2 O was synthesized by topochemical deintercalation method. Firstly, the CsV 2 Se 2 O powders and I 2 grains(99.99% purity, Alpha Aesar) were mixed in 1:1 molar ratio and put into a teflon-linked stainless-steel autoclave, which was filled with 10 mL water-free THF liquid. Then, the autoclave was sealed and heated up to 60
• C and kept for 72 hours. The excess iodine reacted with Cs-ions generating CsI and extracts all of Cs from CsV 2 Se 2 O. The reaction process is displayed in the upper scheme of Figure 1 . Next, the product was leached by deionized water to wash out CsI and THF. Finally, powders in black color can be obtained after dried in nitrogen atmosphere at 60
• C. As shown in Fig 1, to keep the structure stable, every neighbouring V 2 Se 2 O layer should slide by 1/2 lattice constant along a-and b-axes. The similar method has been used in synthesizing Na 1−y Fe 2−x As 2 system, MoS 2 , tetragonal Fe/Co chalcogenides and so on [10] [11] [12] [13] [14] [15] .
In this study, powder X-ray diffraction (XRD) data was obtained by using a Bruker D8 Advanced diffractometer with the Cu-K α radiation. The Rietveld refinements [16] are done with the TOPAS 4.2 software [17] . The DC magnetization measurements were performed on a SQUID-VSM-7T (Quantum Design). The resistivity measurements were done on a Quantum Design instrument Physical Property Measurement System (PPMS) with the standard four-probe method. Figure 2(c) , the data can be well indexed with a tetragonal body-centered unit cell(I4/mmm, a = 3.841(3)Å, c = 11.658(4)Å), except for one or two very tiny peaks which are from impurity. As we can see, the peaks in Figure 2 (c) are broad for the sample V 2 Se 2 O. We address this broadening of peaks in the following way. Since the sample V 2 Se 2 O is obtained by deintercalating the Cs from the parent phase CsV 2 Se 2 O, the process may lead to the imperfect crystallinity of the sample. There are some coherently scattering domains which contribute to the x-ray diffraction peaks. For the Rietveld calculation, the width at the half-maximum of the peaks change with the average size of these domains. We did the simulation with different average domain sizes and show the results with the pink and green lines in Figure 2 (c). It can be clearly seen that the smaller domain size will lead to broader peaks. The calculation result gives the domain size of 12.9 nm for the V 2 Se 2 O polycrystal. The broad peaks of XRD patterns are also observed in Na 1−y Fe 2−x As 2 [10] and tetragonal cobalt chalcogenides [15] systems, which are also synthesized by the deintercalation method. [18] . The intrinsic reason for these transitions is still unknown, and more experiments should be done to identify them. In contrast, this kind of transition was not seen in CsV 2 S 2 O. [9] However, the V 2 Se 2 O sample exhibits a very distinct electric transport property, as shown in Figure 3 (a) and (d). Firstly, the resistivity of V 2 Se 2 O is much larger than that of CsV 2 Se 2 O and CsV 2 Se 1.5 O. Secondly, with decreasing temperature, it increases monotonously without any anomaly. Surprisingly, the curve of resistivity versus logT becomes a nearly-straight line with a negative slope from 2 K to 300 K. In other words, we find the ρ ∝log(1/T ) in wide temperature range below 300 K. However, neither its parent compound CsV 2 Se 2 O nor CsV 2 Se 1.5 O has shown this kind of behavior. We also try to fit the temperature dependence of resistivity with other functions, such as the thermal activation model for a band insulator (lnρ ∝ 1/T ), or the three-dimensional variable-range-hopping(VRH) model (lnρ ∝ T −1/4 , shown in the upper-right inset), and smallpolaron-hopping(SPH) model(ln(ρ/T ) ∝ −1/T , shown in the bottom-left inset), but all these models fail to fit the data. This implies that the V 2 Se 2 O system is an insulator with an unusual electric transport mechanism. This kind of logarithmic behavior, namely ρ ∝log(1/T ) was actually reported in the parent phase or normal state of some cuprates, like underdoped La 2−x Sr x CuO 4 [19] (at 60 T) and overdoped Bi 2 Sr 2−x La x CuO 6+δ [20] . In these systems, the logarithmic behaviors are all observed at low temperatures. But in the V 2 Se 2 O system, the logarithmic behavior is so robust and exhibits in a wide range of temperature. At the moment we cannot give the explicit reasons for this behavior. However we believe that it is related to the electron correlation effect, and probably it is a consequence of a Mott insulator. worth to mention that two small kinks can be seen at 168 K for CsV 2 Se 2 O and 150 K for CsV 2 Se 1.5 O as shown in the insets. At the same temperatures, two anomalies are also found in their resistivity curves in Figure 3 . However, the magnetic susceptibility of V 2 Se 2 O increases while cooling without any kinks, just as the performance in the ρ(T ) curve. We have not found any trace of ferromagnetic order in all these samples. Furthermore, the temperature dependence of magnetic susceptibility of all samples show a divergence in low temperature region.
B. Transport and magnetic properties
To further analyze the average magnetic moments from the V-atoms in each sample, we try to use the CurieWeiss law to fit the data in low temperature region,
where χ 0 , T θ , and C are the fitting parameters. The χ 0 comes from the Pauli paramagnetism of the conduction electrons, which is related to the density of states (DOS) at the Fermi energy. C = µ 0 µ 2 ef f /3k B , where µ ef f is the local magnetic moment per V-site. By adjusting χ 0 , this formula can also be written in a linear form, (χ-χ 0 ) −1 = T /C + T θ /C. The slope of (χ-χ 0 ) −1 versus T gives the value of 1/C and the intercept gives T θ /C. −3 emu/mol·Oe). The obvious linearity indicates that the data in the low temperature region can be fitted by the Curie-Weiss law perfectly. From the slopes of these lines, we obtain the magnetic moments per Vsite µ ef f = 0.117µ B for CsV 2 Se 2 O, µ ef f = 0.169µ B for CsV 2 Se 1.5 O and µ ef f = 0.569µ B for V 2 Se 2 O. Clearly the V 2 Se 2 O sample has the largest magnetic moment. Combining with the resistivity data, it is reasonable to believe that the V 2 Se 2 O system with a larger magnetic moment has a stronger electronic correlation which leads to a worse electronic conduction.
IV. CONCLUSIONS
In conclusion, we successfully synthesize several new layered vanadium based compounds, CsV 2 Se 2−x O(x = 0, 0.5) and V 2 Se 2 O. By changing the deficiency of Se, or completely removing the Cs we can tune the valence state of vanadium, and the system can be tuned from a metal (CsV 2 Se 1.5 O) to a strongly correlated insulator (V 2 Se 2 O). In the system V 2 Se 2 O we find the ρ ∝log(1/T ) relation which is similar to that discovered in the parent phase or the ground state of some cuprate superconductors. We attribute this feature to the strong correlation effect. The vanadium based systems found here may provide very good platforms for investigating the balance between the localization and itinerancy of 3d electrons.
